Magnetism Department at IACS : Krishnan's Creation by Majumdar, C K
(4 ) . 2 9 7 -3 0 0  (2 0 0 1 )
U P  A
an international journal
Magnetism Department at lACS ; Krishnan's creation
C  K  M a ju m d a r*
INSA vSenior Scientist, Physics andjAppIied Mathematics Unit. 
Indian Statistical Institute, 203 B T load , CaIciitta-700 035. India
Abstract : Krishnan started his physics research in s|>ectroscopy with C V, Katnun and did some pioneering work in Raman effect in solids Later 
!k* (jcveloped precise experimental methods to measure magnetic anisotropy in crystals ; these methods went by the names the osctlUitt<fn method and 
\hf cnduil (ouple method. Some important results will be recalled The work of Knshnan and his students and coworkers established the usefulness of 
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ticvdopmcnts in the field of magnetism.
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1 . In tn x lu c tio n
K. S. K n sh n an  s ta r te d  re s e a rc h  in  sp e c tro sc o p y  w ith  C . V. R a in a n  
(1,21 H e w as a s s o c ia te d  w ith  th e  d is c o v e ry  o f  R a m a n  E ffe c t  [31; 
ho p u b lished  s o m e  p io n e e r in g  r e s u lts  fo r  R a m a n  e f f e c t  in  s o l id s  
141 T hen a t th e  D a c c a  U n iv e rs i ty  (n o w  in  B a n g la d e s h )  a n d  la te r  
i A C  S , K r i s h n a n  a n d  h is  s tu d e n t s  d e v e lo p e d  p r e c i s e  
c \p cn in en ta l m e th o d s  a n d  m e a s u re d  m a g n e t ic  a n is o tro p y  in  
crystals. T h e re  m e th o d s  w e re  c a l le d  th e  o s c i l la t io n  m e th o d  a n d  
(he critical c o u p le  m e th o d . T h e ir  w o rk  le d  to  th e  o rg a n is a t io n  o f  
M agnetism  D e p a r tm e n t  a t  I A  C  S . T h e s e  m e a s u r e m e n ts  
c s la h h sh c d  th e  u s e f u ln e s s  o f  th e  m a g n e t ic  m e th o d s  a s  a  
'supplement to  X -ra y  m e th o d s  fo r  d e te r m in in g  c ry s ta l  s t ru c tu re  
[i |. The v o lu m in o u s  d a ta  a ls o  p ro v id e d  so m e  e x p e r im e n ta l b a s is  
<>1 ihc c rys ta l f ie ld  th eo ry . W e sh a ll reca ll so m e  in te re s tin g  re su lts . 
Wc shall a ls o  p o in t  o u t  th a t  K r is h n a n  a n d  h is  s tu d e n ts  m is s e d  
discovering a n ti f e r ro m a g n e t is m . S o m e  re m a rk s  o n  s u b s e q u e n t  
developm ents in  th e  f ie ld  o f  m a g n e t is m  w ill  b e  m a d e  to  p u t  th e  
^ork in m o d e m  p e r s p e c tiv e .
Crystal magnetisin
THie m a g n e tic  e n e rg y  o f  a  c r y s ta l l in e  s u b s ta n c e  c a n  b e  w r it te n
as [5];
£  =  + 2 A:,2 / / , / / ,
_____ +2k2^H^.H^+2k3^iH,H^]dv, (1)
deceased
w h e re  k^ j a re  th e  c o m p o n e n ts  o f  th e  s u s c e p tib i l i ty  te n s o r  o f  th e  
c ry s ta l r e f e r re d  lo th e  c o o rd in a te s  x, y, z a n d  th e  in te g ra l is ta k e n  
o v e r  th e  w h o le  v o lu m e  o f  th e  c ry s ta l  w h o se  sh a p e  is  y e t to  b e  
sp e c if ie d . I f  th e  a p p lie d  f ie ld  is in  th e  x d ire c tio n , //^. ~  //^  =  0  and  
th e  e n e rg y  is
E = -^ \k „ H ^ d v . (2)
w h e re  is th e  s u s c e p tib i l i ty  o f  th e  c ry s ta l  in  th e  x d ire c tio n  
a n d  d e p e n d s  o n  th e  d ir e c tio n  x o f  H. T h e  e n e rg y  o f  th e  c ry s ta l  
c a n n o t  d e p e n d  o n  th e  c h o ic e  o f  a x e s , so
+ * 2 ,2 " v + .......... ........................................ (3)
I f  ( / , W |, « | )  a r e  th e  d i r e c t io n  c o s in e s  o f  H r e la t iv e  to  th e  
c o o rd in a te s  (x, y, z), w c  g e t
'^^2.2^1'*'.......... +2^:, 2 / |W i+ .........- k f f . (4)
W e m a y  re f e r  th e  m a g n e t ic  e l l ip s o id  to  its  p r in c ip a l a x e s  w h ic h  
a rc  d e f in e d  b y  A:,, =  k^, =  A:^ , A j ,  =  ky  A:, j  =  A:^   ^ =  A:^ , =  0 ,.
A:,, k2, Acj a rc  te rm e d  th e  p r in c ip a l m a g n e tic  su s c e p tib i l i t ie s . N o w  
i f / / i s  in  th e  d ir e c tio n  (/. m,n) w ith  r e g a n d  to  th e  p r in c ip a l a x e s , 
w e  g e t
kfl^ +k2in^ +k3n^ =k/f . (5)
C o r re s p o n d in g  to  th e  v o lu m e  s u s c e p t ib i l i t i e s  k^kj ,  k^ w e  h a v e  
m a s s  s u s c e p tib i l i t i e s  re s p e c tiv e ly . M e a s u re m e n t
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with powdered samples gives us +)!:,) or
I f  o f te n  h a p p e n s  th a t in  th e  c a s e  o f  a  m o n o c l in ic  c ry s ta l ,  th e  
d ir e c t io n  o f  o n ly  o n e  p r in c ip a l  m a g n e t ic  a x is  is k n o w n . I f  th e  
c ry s ta l  is m o u n te d  w ith  th e  a x is  p a ra l le l  to  th e  z a x is  a n d  
p e rp e n d ic u la r  to  H, th e n  w =  0  a n d  (5 )  g iv e s
o r
k^  cos^ (j>^k2 s in ^ (6)
w h e re  (p to  th e  a n g le  b e tw e e n  th e  k^  a x is  a n d  / / .  A  c o u p le , e q u a l 
to  th e  r a l e  o f  c h a n g e  o f  m a g n e t ic  e n e r g y  w i th  a n g le  o f  
d is p la c e m e n t dE /  d<t>, w ill a c t  o n  th e  c r y s t a l :
dE I d  'y I 
d<t> 2^/0 " 2 ' •A:2 ) v/ / ^  s in  2 0 . (7 )
W h e n  a  c i r c u la r  d is c  o f  th e  c ry s ta l  is  c u t  w ith  th e  p la n e  o f  th e  
d is c  p e rp e n d ic u la r  to  th e  k n o w n  m a g n e t ic  a x is  a n d  s u s p e n d e d  
w ith  th e  p la n e  h o r iz o n ta l  a n d  p a ra l le l  to  a  u n ifo rm  fie ld  / / ,  th e  
d is c  w ill b e  a c te d  u p o n  b y  a  c o u p le  g iv e n  by  e q . ( 7 ) w h ic h  is 
m ax im u m  fo r ^  =  ;r  /  4 .
3. Experimental methods
(a) The oscillation method [61:
S u p p o s e  th a t  a  c ry s ta l  is  s u s p e n d e d  b y  a  to r s io n  f ib re  p a ra l le l  
to  th e  k  ^a x is  a n d  o s c i l la te s  w ith  a  p e r io d  T h e  to rs io n  c o n s ta n t
is  C . I f  n o w  a  u n if o rm  f ie ld  H is  a p p lie d  p a ra l le l  to  th e  it , a x is , 
th e n  fro m  e q . (7 )  th e  r e s to r in g  c o u p le  c h a n g e s  f ro m  C&p to  
( C  +  (it, ~ i t 2 ) / / ^ v ) 5 0  a n d  a  n e w  p e r io d  T , is  o b s e rv e d . T h e n
C T J ? = [ c + 0 t , - * 2 ) / / 2 v ] 7 ; 2
o r
. . T j - r ?  c  i
' r,’ « * v
(8)
(9)
a t  th e  e n d  o f  a  c a l ib ra te d  lo n g , th in  q u a r tz  f ib re . T h e  upper end 
o f  w h ic h  is f ix e d  to  th e  a x is  o f  a  g ra d u a te d  to rs io n  head, 
c ry s ta l  is  a l lo w e d  to  ta k e  u p  its  e q u i l ib r iu m  o rie n ta tio n  m 
f ie ld  u n d e r  z e ro  to r s io n  o f  th e  f ib re . I f  th e  to r s io n  h ead  is nov\ 
s lo w ly  ro ta te d  th r o u g h  a n  a n g le  a . th e  c ry s ta l  w ill ro ta te  m iht 
s a m e  d ir e c t io n  b u t  th r o u g h  a  s m a l le r  a n g le  ( a  ~  . T h e  couple
a c t in g  o n  th e  c r y s t a l  t e n d i n g  to  r e s to r e  i t  to  its  ongm ai 
o r ie n ta t io n  w o u ld  b e  e q u a l  io A x  s i n 2 0  accordin^r 
e q . (7 ) , w h e re  4  ;if is  th e  d if f e re n c e  b e tw e e n  th e  m ax im u m  and 
m in im u m  gm m o le c u la r  s u s c e p t ib i l i ty  o f  th e  c ry s ta l in tin 
h o r iz o n ta l  p la n e . T h is  c o u p le  is  b a la n c e d  b y  th a t d u e  to da 
to rs io n  f ib re  v iz . C(a  -  0 ) .  A s  th e  to r s io n  h e a d  is  ro ta te d  Iurihcr 
th e re  c o m e s  a  s ta g e  w h e n  0  j u s t  r e a c h e s  th e  v a lu e  tc/4  (the 
c o r r e s p o n d in g  v a lu e  o f  a  b e in g  a ^ ,, s a y )  a n d  th e  c o u p le  due to 
th e  m a g n e t ic  f ie ld  re a c h e s  its  m a x im u m  v a lu e . E q u a tin g  tin. 
o p p o s i te  c o u p le s ,  w e  g e l
m
C ( a , - K / 4 )  = : ^ A x H \  
2M ( 11)
W ith  th e  s l ig h te s t  f u r th e r  ro ta t io n  o f  th e  to r s io n  head, iIk 
c ry s ta l  w ill n a tu ra lly  y ie ld  a n d  tu rn  a ro u n d . O n  th is  properi> 
b a se d  an  a c c u ra te  m e a s u re m e n t o f  , w h ic h  by  eq . ( 1 1 ) enables 
u s  to  d e te r m in e  Ax-
(c) Other methods:
T o  m e a s u re  a n  in d iv id u a l  c o m p o n e n t ,  s a y  th e  la rg e s t pnnup.ii 
s u s c e p t ib i l i ty ,  o r  th e  a v e r a g e  s u s c e p t ib i l i ty ,  o th e r  standaid 
m e th o d s  su c h  a s  th e  R a b i im m e r s io n  m e th o d  [5J w ere  ustd 
T h e s e  d e p e n d  o n  t h e  f o l l o w i n g  f a c t .  O n  e x c i t i n g  .ir 
in h o m o g e n e o u s  m a g n e t ic  f ie ld  th e  fo rc e  o n  a  sm a ll crystal oi 
v o lu m e  o f  v is
kffVH(Hldx), ( 12)
F o r  g m  m o le c u la r  s u s c e p tib i l i ty ,  w e  g e t
Xi ~X2  = [ ( 7 'o " - 7 i ^ ) / 7 l " ] . ( C / « ^ ) ( A f / m )  (10)
w h e re  m  is  th e  m a s s  o f  th e  c ry s ta l  a n d  M th e  m o le c u la r  w e ig h t.
The crystal was attached to the lower end of a short piece of 
glass suspended by a quartz fibre from a torsion head. 
Complications from the shapes of the specimens were attended 
to. Special attention was given to ensure the uniformity of the 
magnetic field (- 5kG).
(b) The critical couple method [8J :
The crystal is suspended in a uniform horizontal magnetic field
A  p a ra m a g n e tic  s u b s ta n c e  te n d s  to  m o v e  to  a  h ig h e r  field 
B y  m e a s u r in g  th e  fo rc e , th e  s u s c e p tib i l i ty  c a n  b e  m easu red .
4. Some interesting results
In  a  s e r ie s  o f  s ix  p a p e r s  [ 6 - 1 1 ] ,  K r is h n a n  a n d  h is  studenb 
p u b lis h e d  v o lu m in o u s  d a ta  a n d  e s ta b l i s h e d  th e  id e a  that the 
m a g n e t ic  a n is o tro p y  o f  a  d ia m a g n e t ic  o r  p a ra m a g n e tic  crystal 
c o u ld  b e  c o r r e la t e d  w ith  th e  a n i s o t r o p y  o f  th e  in d iv id u a l  
m o le c u le s  a n d  th e i r  r e la t iv e  o r ie n ta t io n s .  In  fa v o u ra b le  ca.scs. 
th e  p re c is e  o r ie n ta t io n  o f  m o le c u le s  in  th e  u n it  c e ll cou ld  be 
d e te r m in e d  fro m  m a g n e to c ry s ta l i in e  m e a s u re m e n ts .
A very interesting measurement was that of the very weak 
anisotropy of the ion in slate, which was about 0.1
of the mean susceptibility [9]. In the first approximation, the S 
state is not affected by the ligand field, but higher order 
approximation leads to a  weakly separated Stark multiplet. I ’he 
paramagnetic anisotropy is comparable to the shape anisotropy 
of the crystal and is masked by it. The crystal was immersed in 
a  liquid bath of adjustable volume susceptibility so that the
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v^hape a n is o tro p y  c o u ld  b e  e lim in a te d . T o  g e t re l ia b le  a n iso tro p y  
data o n  MnSO^XN o n e  m u s t  a c c o u n t  f o r
an iso tropy  d u e  to  th e  d ia m a g n e t i s m  o f  th e  c ry s ta l a n d  to  th e  
mutual in f lu e n c e  o f  th e  Mn^^ io n s . T h e  la t te r  w a s  s h o w n  to  be 
negligible b y  m a k in g  m e a s u re m e n ts  o n  a  s e r ie s  o f  c ry s ta ls  d ilu ted  
by d ia m a g n e tic  is o m o rp h s  c o n ta in in g  Mg o r  Z /i. T o  e l im in a te  
the d ia m a g n e tic  p a r t  o f  a n is o tro p y , m e a s u re m e n ts  w e re  m a d e  
on so m e d ia m a g n e tic  is o m o rp h s ,  Mg o r  Zn r e p la c in g  Mn, an d  
also on  c ry s ta ls  w ith  d if f e r e n t  r e p la c e m e n ts  o f  th e  m o n o v a le n t 
ion NH  ^ a n d  o f  SO^ b y  SeO^, S m a ll  v a r ia t io n s  in  d ia m a g n e tic  
an iso tro p y  o c c u r  o n ly  w h e n  th e  m o n o v a le n t  io n  o r  th e  SO^ 
group is re p la c e d , b u t th e  re p la c e m e n t  o f  th e  b iv a le n t  a to m  Mn 
does n o t a f fe c t d ia m a g n e t ic  a n is o tro p y . W ith  a ll th e  c o r re c tio n s  
made th e  tru e  a n is o tro p y  w a s  d e te r m in e d  ; th is  c o u ld  p re d ic t  
the te m p e ra tu re  v a r ia t io n  o f  s p e c if ic  h e a t a n d  e n tro p y  o f  th e  
crystal at 0.1 K w h ic h  w a s  fo u n d  fro m  a d ia b a tic  d e m a g n e tiz a tio n  
experim ents.
M an y  s a l ts  o f  th e  ra r e  e a r th s  w e re  c ry s ta l l iz e d  a n d  th e ir  
an iso tro p y  d e te r m in e d  [1 0 ] , S u c h  a  la rg e  v o lu m e  o f  d a ta  w a s  
useful in  c h e c k in g  th e  c r y s ta l  f ie ld  th e o r y  th a t  w a s  b e in g  
developed b y  V an V le c k , P e n n e y  an d  S c h la p p . A  v ery  in te re s tin g  
exam ple w as  th e  c o r ro b o ra tio n  o f  V an  V lc c k 's  p re d ic tio n  o f  leve l 
inversion b e tw e e n  th e  S ta rk  le v e ls  o f  s ix  c o o rd in a te d  (o c ta h e d ra l)  
and fo u r c o o rd in a te d  ( t e t r a h e d ra l)  io n s  in  c ry s ta ls . T h e  
low est le v e l in  th e  o c ta h e d ra l  s i tu a t io n  is a  tr ip le t ,  th a t  in  th e  
ictrahcdral a  s in g le t . C o n se q u e n tly , th e  re d  sa lts  o f  th e  cK tahedral 
w ere  fo u n d  to  b e  q u ite  a n is o tro p ic , th e  b lu e  s a lts  Cs^CoCl^ 
and Cs^CoCl  ^ s h o w e d  v e ry  w e a k  a n iso tro p y . A n o th e r  im p o r ta n t 
w ork w as  th e  m a g n e t ic  a n is o tro p y  s tu d y  o f  c o p p e r  s u lp h a te  
p en tah y d ra te  in  re la t io n  to  its  t r ic l in ic  c ry s ta l  s t ru c tu re  [ 1 2 ].
5. Things missed
M ost o f  th e  m e a s u re m e n ts  o f  K r is h n a n  a n d  h is  s tu d e n ts  w e re  
carried  o u t a t ro o m  te m p e ra tu re .  O n ly  in  th e  la s t o f  th e  s e r ie s  o f  
six p a p e rs  ( in  1 9 3 9 ), a  lo w  te m p e ra tu re  c ry o s ta t  w a s  d e s c r ib e d  
and so m e  m e a s u re m e n ts  a t  liq u id  o x y g e n  te m p e ra tu re  (90 K  o r  -  
1 C ) w e re  a t te m p te d  111 ]. T h e  la c k  o f  su c h  a  fa c i li ty  a n d  n o t 
m uch a t te n tio n  to  th e  te m p e ra tu re  v a r ia t io n  o f  s u s c e p tib i l i ty  
w ere th e  r e a s o n s  w h y  th e  C a lc u t t a  g r o u p  m is s e d  th e  v e ry  
in te r e s t in g  p h e n o m e n o n  o f  a n l i f e r r o m a g n e t i s m ,  a l r e a d y  
p roposed  b y  N & l  a n d  L a n d a u  [1 3 ] .
IT ie s u s c e p tib i li ty  o f  a  fe r ro m a g n e tic  m a te r ia l fo llo w s  a t h ig h  
tem p era tu re , th e  C u r ie  W e is s  la w  :
r - e  *
(13)
In a n ti fe r ro m a g n e ts  [ 1 4], s u s c e p tib i l i ty  h a s  a  n e g a tiv e  W e iss  
tem p era tu re
X a ^ T ^ e
(14)
L a te r  e x p e r im e n ts  s h o w  th a t in  an  a n ti fe r ro m a g n e t ,  g o e s  
th ro u g h  a m a x im u m  a t : th e n  p a ra l le l  su s c e p tib i l i ty
g o e s  t o w a r d s  z e r o  a s  t e m p e r a t u r e  d i m i n i s h e s ,  b u t  th e  
p e r p e n d i c u l a r  s u s c e p t i b i l i t y  r e m a i n s  a c o n s t a n t  ; th e  
s u s c e p tib i l i ty  o f  a  p o ly c ry s ta l l in e  s a m p le  d im in is h e s  to  tw o - 
th i rd s  o f  th is  c o n s ta n t  v a lu e ; th e  th e r m o d y n a m ic  tr a n s i t io n  
o c c u rs  a t a  te m p e ra tu re  7  s l ig h tly  b e lo w  7  h a s  n o
re la tio n  to  Q, In the  a p p ro x im a te  m e a n  fie ld  th eo ry  1
a n d  th e  q u a li ta t iv e  fe a tu re s  a rc  th e  so m e .
In  th e i r  s tu d ie s  o f  r h o d o c h r o s i t c  MnCO^ in  1938  |1 5 ] ,  
K r is h n a n  a n d  B a n c r je e  m e a s u re d  th e  su s c e p tib i l i ty  fro m  3 0 1 .5  
K  to  5 3 1 .8 K  ( te m p e ra tu re s  h ig h e r  th a n  ro o m  te m p e ra tu re )  an d
o n  p lo t tin g  j  a g a in s t  7  (F ig u re  1 o f  th e  p a p e r)  fo u n d  th a t th e  
v a lu e s  lay  o n  a  s t ra ig h t lin e  a n d  th e re fo re
3.81
Z  =  - 
7  +  13
(15)
The inverse susceptibility would be a straight line with a 
'^egati ve intercept on the temperature axis in the absolute scale.
T h e y  r e m a r k e d  : Since the temperature range in our 
measurements is not large, the values obtained here for 0 and 
the magnetic moment o f Mnr'^ should he regarded as only 
approximate : our value for Q namely- 13‘* practically the 
same as that deduced by Van Vleck and Penney from the 
temperature variation o f the Verdet constant of the crystal. A  
s ig n a tu re  f o r a n t i f e r ro m a g n e t i s m  w a s  .seen, it w a s  n o t fo llo w e d  
u p .
T h e  m e a s u r e m e n t  o n  CuSO^, SH^O b y  K r is h n a n  a n d  
M o o k h e r je e  w a s  n o t d e c is iv e  e i th e r  [ 12). I t is k n o w n  n o w  [ 16] 
th a t th is  sa lt sh o w s  a n ti fe r ro m a g n e t ic  e x c h a n g e  c o n s ta n t J/K =  
~  1 .45 K  an d  tran sitio n  b e lo w  0 .0 3 K  : th is  co u ld  n o t be  asce rta in ed  
fro m  th e ir  d a ta .
W e m u s t a ls o  n o te  th e  u n c a n n y  p e r fe c tio n  re a c h e d  by  th e  
w o rk e rs  in  K rish n a n 's  g ro u p  in  th e  a rt o f  c ry s ta l g ro w in g . C ry s ta l 
g ro w th  is a  p a r t  o f  te c h n o lo g y  a n d  n o w a d a y s  th e re  a re  jo u r n a ls  
d e v o te d  to  th e  su b je c t. N o t e n o u g h  re c o rd  .seem s to  h a v e  b een  
k e p t  fo r  th e  c ry s ta l  g ro w th  b y  th e  g ro u p  : th is  is  a  lo s s  to  
in d ig e n o u s  te c h n o lo g y .
6. Subsequent developments
K r is h n a n ’s m a g n e t is m  g r o u p  a t C a lc u t ta  b ro k e  u p  w ith  h is  
d e p a r tu re  to  A lla h a b a d  u n iv e r s ity  (1 9 4 2 )  a n d  th e  te m p o ra ry  
c lo su re  o f  I A  C  S d u rin g  W o rld  W ar II. H is  m e a su re m e n ts  s ta rted  
in  a  sm a ll u n iv e rs ity  d e p a r tm e n t a n d  w e re  d o n e  w ith  an  a p p a ra tu s  
n o t v e ry  e x p e n s iv e . S u b s e q u e n t  d e v e lo p m e n ts  w e re  so m e w h a t 
u n fa v o u ra b le  to  u n iv e r s it ie s .
F irs tly , th e  m a g n e tic  p h e n o m e n a  re q u ire  h ig h  f ie ld  a n d  liq u id  
h e l iu m  o r  e v e n  lo w e r  -  m i l l ik e lv in  -  te m p e ra tu re s .  P e r f e c t  
d ia m a g n e tis m  is  fo u n d  in  s u p e r c o n d u c to rs .  S u p e rc o n d u c t in g  
m a g n e ts  b a se d  o n  ty p e  II s u p e r c o n d u c to r s  c a n  p ro d u c e  v e ry  
h ig h  s te a d y  f ie ld s  ; s u p e r c o n d u c t in g  q u a n tu m  in te r f e r e n c e  
d e v ic e s  (S Q U I D s )  a rc  v e ry  s e n s i t iv e  m e a s u r in g  d e v ic e s . T h e s e  
a re  g e n e ra l ly  b e y o n d  u n iv e r s ity  d e p a r tm e n ts .  S o m e  u n iv e rs it ie s  
a n d  I I l ^  h a v e  p ro c u re d  v ib ra tio n  m a g n e to m e te r s  a n d  c a r r ie d  o n  
re s e a rc h  in  m a g n e t ic  m a te r ia ls .
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Secondly, magnetic structure determination took a new turn 
with the introduction of neutron methods. Neutron diffraction 
and neutron scattering methods can be done in the vicinity of 
nuclear reactors. Universities, even research institutions, could 
not carry out such experiments; they can collaborate with 
research groups at the reactors under the Department of Atomic 
Energy.
Thirdly, research on nuclear moments, much .smaller than 
atomic moments, started with atomic and molecular beams and 
later gave rise to nuclear magnetic resonance methods. The 
sophisticated instruments require high technology. Several 
research groups have procured such facilities and done good 
work.
The experimental work in magnetism tends to concentrate 
on sophisticated instruments which can be made available at a 
few places in India, but the standard set by Krishnan and his 
students has not been surpassed or equalled.
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